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ABSTRACT

Most Monte Carlo neutronicsanalysesareperformedfor freshcores. To model snapshotsof
the coresat different stagesduring burnupusing MCNP1,a methodis presentedthat useslumped
fission product (LFP) crosssectionsgeneratedby the WIMS-ANL2 codeandprocessedfor usein
MCNP. Resultsof analysesfor four very different reactorcoresusing MTR-type and Russian-designed
fuel assemblies,with LEU andHEU fuels, areprovided to demonstratethe useof this method.

INTRODUCTION

To model reactorcoresat different levels of bumup usingMonte Carlo (MC) methods,the
modelsmust include a representationof the fission products. Inclusion of all the fission productsin the
modelswould be ideal. However, the diffusion theory codesusedto perform reactorburnup
calculationswith multi-group crosssectionsrepresentonly someof the fission productsexplicitly and
lump the othersinto one or two so-calledLFP. In order to usethe compositions from the bumup
analyses,a methodneedsto be developedto usethe samelumpedfission product(s) in the Monte Carlo
codeasthoseusedin the diffusion theory burnupcodes.

The RERTR program at ArgonneNational Laboratory (ANL) hasfor many yearssuccessfully
usedthe WIMS codeto generatebumup dependentcrosssections(including LFP) and the REBU#
codefor reactorbumup analyses.Also, in the last five years,the MCNP Monte Carlo codewith a
continuousenergycrosssection library hasbeenusedextensively.MCNP canbe run using amixture
of continuousenergyanddiscreteenergycrosssections.

In this paper,a methodusing the WIMS-ANL codeto generatemulti-group LFP crosssections
(discretecrosssectionsin MCNP nomenclature) for usein MCNP is discussed.Resultsof the useof
this methodfor four researchreactorsareprovided.

LFP CROSS SECTIONS GENERATION IN WIMS-ANL

The crosssectionlibraries (ENDF-B/V andENDF-B/VI) for the WIMS-ANL codecontain
explicit datafor 35 fission productsanddatafor a lumpedfission product that simulatesall of the
remaining fission products. This representationof the fission productsis the sameasfor the WIMS-
D44code;other crosssectioncodesusesimilar representations.



The WIMS-ANL code is capableof generatinglumped fission product crosssectionsfor all of
the fission productsor with selectedisotopesexcluded. Thesecell or region averageddatacanbe
extractedat the broadgroup level (up to 20 energygroups)asmicroscopiccrosssectionsin the
ISOTXS format. Thesecrosssectionsareusedin the REBUS burnupcode. Internally, the WIMS code
alsogeneratesregion-averagedcrosssectionsin an intermediategroup structurethat canutilize the
maximum numberof fine groupsin the library. Presently,fine-group libraries with 69 and 172groups
areusedin the ANL RERTR Program.

A code waswritten to extract region-averagedcaptureandscatteringcrosssectionsfor the
lumped fission product(s) from WIMS-ANL in 69 or 172groupsin a format acceptedby MCNP. The
numberof energygroupsin this discretecrosssectionlibrary is limited only by the data available in
the WIMS fine group library.

Figures 1and2 showthe bumup-dependent,69-groupcapturecrosssectionsfor two of the
reactorsusedin this paper. Thesefigures showthat the LFP crosssectionsarevery dependentupon the
fuel bumup in the thermal range;they alsovary from reactorto reactorbecauseof differencesin
neutronspectra. This strongbumup dependencerequiresthe generationof theseLFP at many stagesin
the bumup in order to match the different bumup levels in all the regions/zonesin the burnedcore.
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Figure 1. MARIA: Burnup Dependent
Lum~ed Fission ProductCrossSection
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Figure 2. HFBR: Bumup Dependent
Lumped Fission ProductCrossSection

Four reactorswith very different designs(two using MTR-type fuel andtwo using Russian-
designedfuel assemblies)andseveraldifferent enrichmentswhereusedto comparethe resultsof
REBUS calculations with MCNP calculationsusing69-groupLFP cross-sectionsgeneratedby WIMS-
ANL. To maximize the importanceof the LFP, the analysespresentedin this paperusesonly Xe, I,
Sm, andPm asexplicit fission products.



The MARIA Reactor

The MARIA Reacto?, is a multipurpose,high-flux researchreactor locatedin Swierk, Poland.
StandardU-Al alloy HEU (80 wt % 235U)fuel assembliesconsistof six circular concentric fuel tubes
eachwith a wall thickness(clad plus fuel meat)of 2.0 mm, water channelsof thickness2.5 mm
betweenthe fuel tubes,anda fuel height of 100cm. Fuel assembliesare surroundedby beryllium and
are located on a squaregrid with a 13cm pitch on the coremidplane. The reactorpower dependson
the core configuration, but is typically of the order of 20 MW. The reactorcore hasa graphite
reflector.

In the analysisfor the MARIA reactorpresentedin this paper,the equilibrium cycle of a core
containing 16fuel assembliesanda power level of 17MW wasused. The cycle length wassevendays
andone fhel assemblywas replacedat the endof eachcycle.

A comparisonof the REBUS resultswith the MCNP4B resultsusing the LFP generatedwith
the WIMS-ANL codeareprovided in Table 1. Theseanalyseswereperformedfor the corewith fresh
fuel, andat the beginning and at the endof the equilibrium cycle. The resultsin Table 1showthat the
reactivity worth of the LFP, andof all fission productsis nearly the samefor both methods,validating
the useof the LFP cross-sectionsin MCNP. Table 1showsthat thereactivity worth of theLFP is
1.24%and 1.51%in the diffusion theory analysisat the BOEC andEOEC, respectively.The equivalent
worths in the MC analysisare 1.3370~ 0.08% and 1.54YO~ 0.08.Table 1alsoshows,in the last
column, that the reactivity biasbetweenthe two codesis nearly constantthrough the cycle.

Table 1: Comparisonof Fission ProductReactivity Worths for the MARIA Reactor

Case REBU!YDIF3D MCNP (%Ap)
FreshCore,k-eff 1.21496 1.19144(* 0.00090) 1.63 (a 0.06)
Beginning Of Equilibrium Cycle
k-eff with All Fission Products 1.08008 1.06178(~ 0.00065) 1.60(k 0.06)
k-eff without LFP 1.09480 1.07704(A 0.00066) 1.51(M.06)
k-eff without Any Fission Products 1.13988 1.12048(&0.00081) 1.52(~ 0.06)
Worth of LFP (% Ap) -1.24 -1.33 (MI.08)
Worth of All FP (% Ap) -4.86 -4.93 (* 0.09)

End Of Equilibrium Cycle
k-eff with All Fission Products 1.05869 1.04001(~ 0.00069) 1.70(~ 0.06)
k-eff without LFP 1.07591 1.05698(~ 0.00052) 1.66(* 0.06)
k-eff without Any Fission Products 1.12935 1.10924(~ 0.00040) 1.61(~ 0.03)
Worth of LFP (% Ap) -1.51 -1.54 (~ 0.08)
Worth of All FP (% Ap) -5.91 -6.00 (~ 0.07)



The BNL High Flux Beam Reactor (HFBR)

The HFBR6is a heavy-water-moderatedandcooledhigh-flux beam-tubereactor locatedat the
BrookhavenNational Laboratory. The core consistsof 28 closely packed,MTR-type fuel assemblies.
Each fuel assemblycontains351 g of 235Uusing93% enricheduranium. At a power of 40 MW, the
reactor is designedto operateon a 22-dayequilibrium fuel cycle in which 7 spentfuel assembliesare
discharged,fuel is shuffled, and7 fresh fuel assembliesareinserted. The equilibrium fuel cycle is used
in this paper.

A comparisonof the REBUS resultswith the MCNP4B resultsusing LFP crosssections
generatedwith the WIMS-ANL codeareprovided in Table 2. Theseanalyseswereperformed for the
core with fresh fuel, andat the beginning of the equilibrium cycle (BOEC) andat the endof the
equilibrium cycle (EOEC). The resultsin Table 2 showthat the reactivity worth for all fission products
is nearly the samefor both methods(6.40% vs. 6.44%A 0.0770at BOEC, and9.5370vs. 9.65%-t
0.08% at EOEC). The reactivity worth of the Lumped FissionProduct is alsobasically the sameat
BOEC (2.73% in REBUS and2.81%& 0.06% in MCNP). However, at EOEC somedifferencedoes
exist in the reactivity worth of the LFP (about0.3390~ 0.0870). The reasonfor this small difference
hasnot yet beendetermined,but it is probably dueto differencesin flux spectra. It is important to note
that the most important result is the worth of all fission productsbecausethat really definesthe stateof
the reactor at that instant in time.

Table 2: Comparisonof Fission ProductReactivity Worths for the HFBR

Case
FreshCore,k-eff
BeginningOf EquilibriumCycle
k-eff with All FissionProducts
k-eff withoutLFP
k-eff withoutAny FissionProducts
Worthof LFP (% Ap)
Worthof All FP(% Ao)

End Of Equilibrium Cycle
k-eff with All FissionProducts
k-eff withoutLFP
k-eff withoutAny FissionProducts
Worthof LFP (% Ap)
Worth of Ali FP (% Ap)

REBus/DIF3D
1.23996

1.11956
1.15486
1.20597
-2.73
-6.40

1.06066
1.11888
1.17993
-4.91
-9.53

MCNP (%Ap)
1.24003(~ 0.00062) 0.005(* 0.04)

1.12296(+/0.00056) 0.27(k 0.04)
1.15955(+/0.00058) 0.36(~ 0.04)
1.21053(~ 0.00072) 0.31(A0.05)

-2.81(a 0.06)
-6.44(a 0.07)

1.06463(* 0.00064) 0.35(~ 0.06)
1.12754(~ 0.00068) 0.69(A0.05)
1.18655(~ 0.00084) 0.47(~ 0.06)

-5.24(Y0.08)
-9.65(~ 0.08)

The Brookhaven Medical Research Reactor (BMRR)

The BMRR7 is a 3 MW researchreactor that is cooledandmoderatedwith light waterand
reflected with graphite. It is usedfor medical researchpurposes.The presentBMRR core uses28 HEU
(93% enriched) MTR-type fuel assemblies.However, in this analysis,a potential alternativecore?



containing 17MTR-type fuel assemblieswith LEU (19.75%enrichment) is used. This core is similar
to the first HEU core of the BMRR.

In this paper,a non-equilibrium fuel cycle with the equivalentof fifteen full-power days(basically one
full year of operation) is used. The resultsof the REBUS andMCNP analysesarepresentedin Table 3.
Theseresultsshowthat the reactivity worth of the LFP (0.21%in REBUS and0.20910&0.0570in
MCNP), andof all the fission products(3.67% in REBUS and3.67%& 0.05% in MCNP) arethe same
in both REBUS andMCNP.

Table 3: Comparisonof Fission ProductReactivity Worths for a Potential LEU Core in the BMRR

Case REBUWDLF3D MCNP (%Ap)
FreshCore, k-eff 1.05795 1.06684(~ 0.00018) 0.79 (k 0.02)
End of Cycle
k-eff with All Fission Products 1.01288 1.02177(~ O.W) 0.86 (* 0.04)
k-eff without LFP 1.01508 1.2385(~ O.00030) 0.84 (~ 0.04)
k-eff without Any Fission Products 1.05195 1.06155(~ 0.00029) 0.86 (A 0.03)
Worth of LFP (% Ap) -0.21 -0.20 (A 0.05)
Wonthof All FP (% Ao) -3.67 -3.67 (~ 0.05)

A Reactor Using WR-M 2 Fuel Assembl ies

Reference8 describesseveralcritical experimentsusingRussian-designedVVR-M2 he]
assemblies.Basedon this information, a model wascreatedfor a reactorthat contains 127fuel
assembliesandis light-water cooled and reflector. The VVR-M2 fuel assembliesselecteduseHEU
fuel with 36% enrichmentandconsistof threefuel elements:two inner concentricelementsandan
outer hexagonalelement. A power level of 5 MW, anda reactivity rundownequivalent to 27 full-
power dayswasused.

The resultsof the analysesfor this reactorareshownin Table 4. The reactivity worth of the
LIT (0.95% in REBUS and0.90%& 0.05% in MCNP), andof all fission products (4.96% in REBUS
and5.0790A 0.05% in MCNP) areessentiallythe samein both analyses.

Table 4: Comparisonof FissionProductReactivity Worths for a ReactorWith VVR-M2 Fuel

Case
FreshCore, k-eff
End of Cycle

k-eff with All FissionProducts
k-eff without LFP
k-eff without Any Fission Products
Worth of LFP (% Ap)
Worth of All FP (% Ao)

REBUWDIF3D MCNP (%Ap)
1.08870 1.06930(~ 0.00038) 1.67(* 0.03)

1.01601 0.99777(~ O.00036) 1.80(* 0.04)
1.02591 1.680(* o. 00034) 1.85(~ 0.03)
1.06995 1.05093(* 0.00042) 1.69(a 0.04)
-0.95 -0.90(* 0.05)
-4.96 -5.07 (3 0.05)
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CONCLUSIONS

Most Monte Carlo neutronicsanalysesareperformedfor freshcores.To adequatelymodel
snapshotsof reactorcoresat different stagesof burnupwith Monte Carlo codes,a methodwas
developedthat useslumped fission productcrosssectionsgeneratedby the WIMS-ANL codeand
processedfor usein MCNP.

Four very different reactorswereusedin this paperto demonstratethat the developedmethod
canadequatelyrepresentthe reactorsat different bumup conditions. The resultspresentedhereclearly
show that the useof the WIMS-ANL crosssectionsfor the LFP with the MCNP codeprovidesa good
methodfor Monte Carlo analysisof burnedcores.
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